We have investigated Lf immunoexpression as well as its biological meaning in 71 formalin-fixed, paraffinembedded surgical samples of endometrial carcinomas (EC); 64 EC were endometrioid type, whereas 7 were non-endometrioid carcinomas. Immunohistochemistry was performed by primary antibodies against Lactoferrin (Lf), estrogen receptor (ER), progesterone receptor (PR) and Ki-67 antigen. Quantification of Lf immunoreactivity was performed using an intensity-distribution (ID) score. Moreover, the AgNOR technique according to guidelines of the Committee on AgNOR Quantification was used to assess the proliferation rate (NORA). A variable expression of Lf was revealed in 43 cases (61%) of EC. Endometrioid type carcinoma showed a significant higher Lf ID-score than non-endometrioid type; in contrast, no relationships were demonstrated between Lf immunoexpression and histologic grade, stage, clinical course as well as proliferative activity of EC. Moreover, a significantly higher Lf ID-score was encountered in ER-positive carcinomas. Survival analysis in EC indicated the architectural, nuclear and combined histologic grades as well as the stage, PR, Ki-67 and NORA as significant parameters. The utilization of Lf as a prognostic marker, able to identify patients at different risk of death, or alternatively, its clinical application as therapeutic agent, must be considered with great caution.
Introduction
Lactoferrin (Lf), an 80-kDa basic glycoprotein, is a member of the transferrin family of iron-binding proteins which was originally isolated from human milk (1) (2) (3) . By radioimmunological and immunoenzymatic procedures, Lf has been detected in many biological fluids and secretions as well as in human fetal and adult tissues (4) (5) (6) (7) (8) (9) (10) (11) . By immunohistochemistry, the distribution of Lf has been investigated in normal human tissues such as stomach, kidney, lung, pancreas, liver, bone marrow (6) and uterine endometrium (10, 12) .
In humans, serum concentrations and expression of Lf by endometrial tissue obtained from women in both proliferative and secretive phases have been analysed (13) ; either serum Lf concentrations or immunohistochemical staining for Lf were found greater during the proliferative phase than the secretory one (13) . However, the physiological role of Lf as an autocrine stimulator of endometrial epithelium cell proliferation has been previously demonstrated in the mouse (14) and, more recently, in human patients (15) . Moreover, although it is well known that estrogen and progesterone play an important role in the proliferation and differentiation of endometrium, a recent paper has established that also Lf expression in the uterine endometrium is up-regulated by estrogen (16) .
Taking into consideration these findings and the numerous reports concerning the Lf immunolocalization in human tumours, we decided to investigate the immunohistochemical distribution pattern of Lf in endometrioid and non-endometrioid carcinomas of the uterus; moreover, the possible correlations between the presence of Lf and sex steroid hormone receptor (ER and PR) status, proliferation indices (Ki-67 and AgNOR) as well as survival time have been also investigated.
Materials and methods
Patients and materials. Surgical samples from 71 patients who underwent total abdominal hysterectomy and bilateral salpingo-oophorectomy for endometrial carcinomas (EC) were selected from files of our Department and included in this study. The mean age of the patients at the time of diagnosis was 63.8 years (range 38-84 years). Data concerning followup and cause of death were obtained from city registry offices. Histological classification of tumours was based on the World Health Organization system (17); in particular, 64 EC were endometrioid type, whereas 7 were non-endometrioid carcinomas (1 mucinous adenocarcinoma; 4 serous adenocarcinomas; 2 clear cell adenocarcinomas All samples were fixed in 10% neutral formalin for 24 h at room temperature (RT) and then embedded in paraffin at 56˚C. From each tissue block, serial 3-μm-thick sections were cut and mounted on silane-coated glasses, then dewaxed in xylene and rehydrated in graded ethanols. One section was subjected to haematoxylin and eosin (H&E) staining, the others were utilized for immunohistochemical and histochemical procedures.
Immunohistochemical analysis. The immunoreactions were performed utilising primary antibodies against Lf (Rabbit Anti-Human Lactoferrin; DakoCytomation, Denmark; 1:300), estrogen receptor (ER) (MAb ER, 1D5, DBA, Italy; 1:10), progesterone receptor (PR) (MAb PgR-ICA; Abbott Laboratories, USA; 1:10) and Ki-67 antigen (MIB-1; DakoCytomation; 1:200). Antigen retrieval, by heating slides placed in 0.01 M citrate buffer pH 6.0 in a microwave oven for 3x5 min, was perfomed before adding all primary antibodies but Lf antisera. All sections were incubated at 4˚C with primary antisera overnight; successively, bridging antibody and PAP complex (DakoCytomation) for 30 min at RT were applied. For the demonstration of peroxidase activity the sections were incubated with 3,3'-diaminobenzidine tetrahydrochloride-H 2 O 2 substrate solution for 10 min at RT in darkness. Finally, slides were slightly counterstained with Mayer's haematoxylin.
All series included positive tissue controls; for negative controls the step of incubation with the primary antibodies was omitted or replaced by phosphate-buffered saline.
Immunostained sections were estimated by light microscopy using an x20 and x40 objective lens and x10 eyepiece. Two pathologists using a double-headed microscope performed the assessment of immunostained sections on a consensus basis.
Quantification of Lf immunoreactivity was performed using the intensity-distribution (ID) score, a combined scoring system based on both the percentage of positive neoplastic cells (staining score) and the staining intensity of the tumour cell, similarly to that elsewhere reported (19) . In detail, a staining score was estimated on a four-tiered scale: 0 (no staining); 1 (>0-5%); 2 (>5-50%); 3 (>50%). Successively, the staining intensity, based on the predominant pattern present in the tumour, was graded as 1 (weak), 2 (moderate) or 3 (strong). Finally, the ID score was calculated by multiplying, for each case, the staining score by the staining intensity. A cut-off point was determined utilizing the median Lf ID-score value.
ER, PR and MIB-1 staining scores were evaluated by counting the percentage of positive nuclei per 1000 malignant cells in up to 10 fields representative of the whole neoplastic portions; all degrees of nuclear staining intensity were taken into consideration. Only specimens with an ER or PR staining score >10% were considered positive. The median MIB-1 staining score value was utilized as a cut-off point to determine low and high Ki-67 expression.
Histochemical analysis. The AgNOR staining was performed according to guidelines of the Committee on AgNOR Quantification (20) , as previously described (21) . Successively, for each slide examined, microscopic fields representative of the lesions were assessed excluding, on the basis of the corresponding H&E-stained section, any areas in which regressive changes, frank necrosis or technical artefacts were present. The mean area (μm 2 ) of AgNORs per cell (NORA) was evaluated at one focal plane with a x40 objective lens in at least 100 (mean 130) nuclei per specimens. Specific softwares, IM 5200 (Microscience Inc., Phoenix Technology Inc., Seattle, WA, USA) and AgNOR (Immagini e Computer, Rho-Milan, Italy), were used to determine mean NORA values per cell and per case, respectively. A cut-off point of 4.212 μm 2 , previously determined by ourselves (22) , was utilized to define low and high NORA values.
Statistical analysis. The possible correlations between Lf immunoexpression and clinicopathological parameters as well as ER and PR status and proliferative activity of EC were investigated using non-parametric methods (Mann-Whitney U test, Kruskal-Wallis H test).
Univariate survival analysis of time to death due to EC was performed by the Kaplan-Meier method, with the date of surgery as the entry date, while patients who died of other causes were censored. To compare the survival curves relative to different groups of patients, the Mantel-Cox log-rank test was applied. Successively, multivariate analysis (Cox regression model) was utilised to determine the independent effect of each variable on survival. In particular, forward stepwise procedure and likelihood ratio tests were used to select the variables included in the final model. With categorical variables, the deviation coding scheme was used. Prognostic variables with two or more categories of outcome were represented by a number of variables and parameters equal to the number of their categories, minus one; therefore, the reference category was not included as a variable. An estimation of the relative risk with 95% confidence interval was computed.
A probability (P) value <0.05 was considered statistically significant. Data were analysed using the SPSS package version 6.1.3 (SPSS Inc., Chicago, IL).
Results
Lf immunoexpression was observed in 43/71 cases (61%) of EC. Lf positivity was localized in the cytoplasm (Fig. 1a and b) , although a combined nuclear/cytoplasmic reactive pattern was also occasionally seen in neoplastic cells. Generally, immunoreactive neoplastic cells were found in direct contact with negative ones (Fig. 1a and b) ; the stroma, intermingled with neoplastic glands, sometimes showed stained leucocytes, which were also evident in Lf unreactive tumours (Fig. 1c) , representing an internal staining control. Forty-one stained EC were of endometrioid type, showing a significantly higher Lf ID-score than non-endometrioid type (P=0.0418); in this latter group, only clear cell adenocarcinomas exhibited Lf expression. No relationship between Lf ID-score and age, histologic grade, stage and clinical course was revealed (Table I) .
In EC, the immunostaining for ER and PR was heterogeneous; an immunopositivity in more than 10% of nuclei of neoplastic cells was encountered in 45 and 39 cases for ER and PR, respectively. Moreover, a significantly higher Lf IDscore was encountered in ER-positive carcinomas (Table I) .
A variously represented MIB-1 nuclear reactivity was found in EC, while no cytoplasmic staining was noted (Fig. 2) . The rate of stained cells ranged from 2 to 88%, with a median value of 17%; 31 EC showed high MIB-1 values, whereas the remaining 40 carcinomas presented a staining score under the median value. No relationship between Lf and Ki-67 immunoexpression was appreciable (Table I) .
In EC, the AgNORs showed an intranuclear localization and were clearly distinguishable as black dots also within nucleoli (Fig. 3) . The morphometric analysis was easily performed since an evident contrast between dark silver dots and nuclear background was appreciable. NORA values of neoplastic elements exhibited a normal distribution with a mean of 4.063 (±1.435) μm 2 . The AgNOR quantity, espressed as NORA values, was unrelated to the Lf ID-score (Table I) .
The follow-up time of patients ranged from 8 to 168 months (mean 82.5 months ); sixteen patients died of disease, while 55 were alive or censored. Data obtained by univariate analysis of all considered parameters concerning cancer-specific mortality in EC are reported in Table II . Among examined parameters, the architectural grade, the nuclear grade, the combined architectural/nuclear grade, the tumour stage, PR, Ki-67 and NORA showed significant P-values. However, by Cox multivariate analysis, NORA values and the tumour stage emerged as the only independent prognostic variables (Table III) .
Discussion
Lf immunoreactivity has been detected in many human neoplasms such as adenocarcinomas of the parotid gland (23) and prostate (24) (27-30), renal cell carcinoma (31), gastric (32) and colorectal adenomas and carcinomas (33) , gallbladder carcinomas (34), astrocytomas and multiforme glioblastomas (35) and, recently, in skin nevi and melanomas (36); nevertheless, in these neoplastic conditions, the functional role of Lf has not been fully elucidated.
Although Walmer et al (12) have already shown the Lf immunoexpression in 66% of 12 unspecified endometrial Table I . Comparison of Lf ID-score among clinico-pathological parameters, ER and PR expression and proliferative activity.
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adenocarcinomas, we report herein Lf immunoreactivity in a larger casuistry of EC, taking also into consideration their histotype. In particular, our findings have documented a similar Lf immunoreactivity in 61% of 71 EC, mainly in endometrioid type, whereas among the non-endometrioid ones only clear cell adenocarcinomas are reactive. The Lf localization is revealed in the cytoplasm of neoplastic cells and only sometimes in the nucleus. In our opinion, the site of Lf immunoreactivity both in the nucleus and cytoplasm is not surprising, since this secretory protein has been previously detected also in the nucleus, mainly in nucleoli, and it has been thought to be involved in ribosomal biogenesis (37, 38) . On the other hand, after its transport into the nucleus, Lf is able to bind to specific DNA sequences, thus activating transcription (38) . In EC, malignant transformation of the endometrium is associated with the up-regulation of Lf mRNA and protein biosynthesis (12) . Although some different hypotheses have been claimed in order to explain the presence of Lf in EC (12), the significant degree of Lf immunoexpression in our series of endometrioid carcinomas may be linked to the action of estrogens, since a significantly higher Lf ID-score was encountered in ER-positive carcinomas. On the other hand, it is well known that the endometrioid type of EC represents a slowly developing indolent form which develops in the setting of excess oestrogen stimulation (17, 39) . Sequencing data have suggested that the promoter for the human Lf gene contains an estrogen response element (16, 40) ; moreover, by immunohistochemistry, Lf expression was undetectable in the untreated ovariectomized monkey endometrium, but it was elevated by oestrogen treatment (16) . In the present study of EC, we have observed an evident direct correlation between the expression of Lf and ER, while only a tendency towards a linear relationship between Lf and PR has been found; this latter finding is in contrast with that reported in the literature (12) , but this difference could be due to the large number of patients enrolled in our study.
In vitro studies have demonstrated that Lf possesses a cell proliferation effect in human endometrial stromal cells (15) , although this proliferative effect could be due to the transport of iron into cells or, alternatively, to a modulatory effect on the action of growth factors (15, 41) . However, in our series of EC, no correlations have been found between Lf immunoexpression and neoplastic proliferation, either expressed as growth fraction (MIB-1) or as cell cycle speed (AgNOR). This finding is not surprising, since it has been reported that Lf inhibits epithelial cell proliferation and suppresses tumour growth in vitro by blocking the cell cycle progression (42, 43) . Lf appears to exert its anti-proliferative effect by a modulation of proteins which regulate the G1 to S transition (43); moreover, a possible anti-tumour activity for Lf has been proposed in experimental and clinical studies for cancer prevention (44) , even if this effect remains highly controversial. In fact, it has been demonstrated that exogenous Lf enhanced cell proliferation in both normal human epithelial cells and EC cell lines (45) ; in the same study, it has been shown that tamoxifen greatly increased the evidence of Lf in EC cells, not affecting cell growth (45) . Therefore, it has been proposed that stable expression of Lf protein may impart a survival advantage to EC cells, which may, in part, account for the resistance of these cells to tamoxifen (45) . On the other hand, we can not exclude that the immunoexpression of Lf in cases of EC could be related to the well-known affinity for iron by Lf in itself, since iron has been considered an essential nutrient for dividing cells (46, 47) ; therefore, under functional conditions such as endocrine stimuli, neoplastic cells should be able to produce Lf in order to have a greater availability of iron for their turnover, similarly to that elsewhere suggested in other neoplasms (27, (34) (35) (36) .
In an attempt to settle the significance of Lf in the clinical management of patients affected by EC, we have performed survival analysis taking into consideration many clinicopathological and morphofunctional parameters. Our univariate analysis of cancer-specific mortality in EC indicates the architectural, nuclear and combined histologic grades as well as the stage, PR, Ki-67 and NORA as significant parameters, while Lf immunoexpression is not useful for prognostic purposes; in addition, multivariate analysis clearly documented that only NORA and tumour stage were independent variables in EC, as previously reported elsewhere (22) . ONCOLOGY REPORTS 16: 257-263, 2006 Table II. Prognostic parameters examined in endometrial carcinomas: a univariate analysis to cancer-specific mortality by Mantel-Cox log-rank test. 
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ß, regression coefficient; SE, standard error; Exp(ß), ratio of risk.
In conclusion, on the basis of all aforementioned considerations, the utilization of Lf as a prognostic marker, able to identify patients at different risk of death, or alternatively, its clinical application as a therapeutic agent, require further validation and must be considered with great caution. In fact, at present, recombinant human Lf is becoming available for evaluation for possible prophylactic or therapeutic use in a wide variety of human medical conditions (48) . Moreover, although Lf is a human natural product efficiently metabolized with no side effects, precaution is needed to avoid antigenic sensitization as well as its interaction with specific protozoa or bacteria that utilize Lf in their acquisition of host iron.
